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A meclear oplical model caloulation of neutrom elastic seatteri

sing Bra parametars

Lh]
has born made. z:gpm rigte estimates of the eJect of cnmpuundnagaﬁtic seakiering at Iow

energies are 1nalud
Mew.

nmparisens heve been tade with experiments] data, and resilits for
the parameters adopted are given for elnstic seattaci

in the ¢norgy range from 0.734 to 13

Although rersonably good agreement hetween the caleulation and experimental results
have been obtained, there iz a diserepanoy between experinants below 2
mental data s noeded betwesn 6 aod 14 Mey,

ov, andl experi-
Both sngular diatefbuatbona and Legendre

expansion coefclents for the total elastic peatfering are given.

1. Introduciion

The nuclear optical mode]l has been outstandingly
suceessful n deseribing the elastic ecatiering of
neutrons and other nuclear particles above the anergy
of perhaps 6 Mev, where compound elustic scattering
processes are not important., Below these energies
1t iB necessary to include some estimate of eompound
elagtic scatfering. At neutron energiea below the
first excited state of the target nucleus, inelastic
scattering iz not possible. In this enerpy range it is

gihle to describe the compound elastic scaitering

v uae of the Hoctuation cross sectiom [Fezhbach,

19680). Above thie energy the angular distribution of

the compound elastic scattering may be obtained

from the compound statistical model [Hauser and
Feshbach, 1952],

Initially in the present work the experimentsal data
was snalyzed usm% the six-parameter nuclear optical
model of Bjorklund and Feenbach [1858). However,
it was found that a6 least as good fits to the experi-
mental data could be obtained with & five-parameter
modiel, using derivative aorlape sbsorption instead
of an adjnstable parameter to determine the width of
the imaginary (absorptive} well. This latter model,
which contalns & Saxon real potential, & Thomas
spin-orbit: potential, and a surface imaginary poten-
1al, was used in this ealculation.

Thie caicuiation is the firat of & series which will
provide data in & forin esuitable for input to nentron

netration  calenlations with Jdigite]l computers.
}ﬁm present calenlntions are for ealeilum, sn Im-

ortent component of conerete which is widely used
or neuiron shielding. Comparisons with experi-
mental elustic scattering nnguler distribntions sre
included. Angular distributions and Lerendre coaf-
ficients for the caleulated angular distributions are
both presented. The celeulntions hava heen pro-
pramed in Fortran for the TBM 7090 computer at
the Mational Bureau of Standards.

*Thiy waork wani spapseed by Dolonse Algole Support Ageoty.

2. Degcription of the Calculation

2.1. Bolution of the Wave Equation

Although the exact phase shift analysis carried
out here 13 standard in many respects, it seems desie-
able to record the apecific methed of caleulation,

ineloding the ndre polynomial analysis.
Wa start with the radial part of the non-relativ-
iatic Sehriidinger wave equation:
&L i) | 2m IR .
N R=0n. (1)
The potential is deseribed by V{(r)+:iWi(r) where

Vir) 1 the teal part of the potential and Wir) i= the
imaginary part. The wave {unction {7 will alse
have both real and imaginary parts:

Up}=X, iy +i¥, (r).
Equation {1) becornes:

FX iV zm[ DR
et cll [ Py

(2)

V—il‘i’]
WX, V=0, (3)

Separating this equation into real and imaginary
parts, we obiain two coupled real equations whie
miay be selved on the computer.

X, 2w IR .. Im _
F_‘_ﬁ.—! ]:E—W—l J ;Y.:"‘ X “‘Tr""o {.4)

These eqquations are integrated step-hy-step outward
in radiuz by the second order Runge-Eutte method
[see, for axample, Zurmiihl, 1961). The number of
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intagration steps is iypically 100 to 500. If tha wave
functions become large, they are antomatically re-
nermalized to emaller values by the code. The run-
ning time for 15 I"s and 200 steps iz ahout 1 min per
energy ineluding all angular distributions. The mass
appearing in these equations is the reduced mass of
tﬁe neutron in the neutron-nuclevs center-of-maas
system. The energy, E, is that of the neutron in the
center-of-mase systemn. ‘When the complex potential
{V+4iW) approaches & non-vanishing constant ok
the origin, then
U (Fy—=Ch P as r—{) {8

where ¢ is a complex oumber independent of r
[Amater, Leshan, and Walt, 1960]. In the presence
of the spin-orbit tern {see below) therais a 1 bohav-
ior of the potential energy for smuil values of #; how-
ever, eq (6) still holds since this term iz dominated by
the i/ dependence of the centrifugal potential {see
PBohm, 1951]. Since the cross sections depend only
on the logarithmic derivative of the wave fanction,
the normalization is arbil.rw and (7 can be taken
to ba any non-zero value. e have chosen (141
for £/ where & is n small nuruber chosen to prevent
underflow or overflow problams. Frovizion 18 made
in the code to calculate for values of Z up to =28,

For the optical model parameters we have used a
potential whose real and imaginary partz are:

VO =Vestd—aV. (i) G015 @

Wi(r)=W, (4.:; gf)z'bﬂ (4 p* exXp [IFTRQ]) (8

where
1

piz} =mr

the usual “Saxon” potential; = s the strength of
the spin-orbit interaction relative to the *Thomasz"
term for n nucleon; M i= the neutron mass; V, i=
the central real potential; W is tha lowest value of

the imaginary surface potential; E]}& ia tha Compton

wavelength for & nucleon; ? is the orbital angular
—

motmenturn of the neatron; ¢ is the Pauli spin oper-
ator of the incident nentron; Ry is the nuclear md?us;
ond ¢ is the “diifuseness” parameter of the real
potential. If the spin angular momentum of the
incident peatron i parallel to the orbital apguolar
mamentum of the incident neutron, then j=14-1/2,

snd s-f=i. If the spin and orbital angular mo-

mentum &re anti-pacallel, then y=I—1/2 and :-_E'=

—({+-1). Thiz leads to two teal potentinls, V*(r)

and V={r) corresponding to the parallel and anti-
-

parallel s.f interactions. The wave cquation is
solved for each of these. To obtain the desired

cross sections, we need tha plsee shilta wf and 57
which measure the effect of the complex potential
on the neutron partial waves. These phase shifis
are ohtained by a ealculation which comparee tha
value for logarmthmic derivative f; obtained by nu-
mericsal mbgg:atiun in the prescnea of tha nuelear
F’ot-ent.ml with the corresponding quantity (a;+:58)
or the zero phase ehift spherieal Hankel function
solutions obtained in the absence of the nuelesr
potential,

Tha requirad expression for 5, is givan by Blait
and Weisslcopf {1852]:

.-—ﬂn FS’: .
“In‘{ﬁ axp (2ik,). (9}
Far neutrons
o GAR)—iF(R)
o () =G O TiF (R (10)

where &@(F) and Fi{R) are solutions of eq {1} with
{V{r}—l—iﬂ"(ig‘}={}. Tn terms of spherical Desael

functions, f#y=xidz) and @{z)=xnr} whera

z=kK.

2.2, Eveluation of the Cmss Sechons Diractly From
the Nuclear Optical Modsl

The total eress section predicted by the nuclear
opticsl model is mada up of » shape-elastic scatter-
Ing cross aection and 2 compound nueleus formation
cross section [Feshbach, Porter, and Weisslkopf, 1954]:

o=+,

However, the compound nuclens may deeay info
the entrance channel producing “compound elastic™
seatiermg or 1t may produce inelastic scattering or
charged particle reaclions:

o=t .

These eg{untione. may now be rearranged to sep-
arate the elastic spattcr;&nlg {0w: and o, are not dis-
tinpuishable experimentally) from tha reaction cross
gection:

ee=la,+ o)+ o=0. 0.
In the present ealeulation e, is estimated by the

“Ructustion’” cross section, g, which is important
kelow energiom of about & Mew:

=, + LLF ) + Fra

When inelastic scattering and reactions are zero or
negligibla, the entire crows gection iz elastic:

= ﬂ'.n+ Tri-

In this case the fluctuation ecross section may be
obtained very simply fromn the phase shifte of the
optical model alone (zee Feshbach [1960] for & dizeus-
sion of the fluctuation cross section).
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We now procesd to evaluate the various cross
gectlona from the caleulated phese shifts {g,'s).
For both incident partieles and the nucleus without
apin, the expressions for tha incidant plane wave, the
total wave {which shows the effact of the potential
of the nuclens on the incident wave), snd the scat-
tered wave are:

Em=§ y ?E# [AF(kry +hythr) | Pilcos ), (11}

V=33 i* 2K (it ) oo Pcon ), (12
pod
Fagaerl7} = Proe(r) —e™*

=5 AL (o Dhufier) Prfoon 8. (1)

The incident neutrons which have spin 1/2 may
be represented by a plane wave;
o= &K iny (14:'

where X, describes the spin wave function of the
neatron. X, ={4 i3 spn “uij.” Xppe=1(" cor-
responds o spin Ydown.” In the presence of the

nuclear potential the asympiotic form of the wave
function of the neutron 1s:

Vet S F (@ (1)
where F{f) ia the seattering matrix.
Fit) =A@+ B()o (i6)

where n is 3 unit vector perpendicular 1o the plane
of scattering. According to the Basel convention
[Huber and Meyer, 1961], the positive direction of

AN
polarization, given by the unit vector n, is:

- =+
P

|,

o
F.=

(17)

— -
whera &, and &, are the wave vectors of the ineident.
and scattered neatrons.

In the aquations above, M=c[7'a—1'm and represents
an incoming sphetical wave and A;=j; +-¥r; oand repre-
genils an outgoing spheries]l wave., To extend this
treatiment to the ensc of nentrons with spin incident
on Jpin-zerc nuclei [Lepors, 1950], we introduce the
o tors = and x; which select the states For
which j=!41} and j=i{—3%, respectively. These
operatora ara

I—od

IH1+ad
a1

CTER {17a)

= and ==

If j=t+4, at=1,7=0. Ifj=!—}, =0, r =1.
Applying our operators to the total wave function,
eq {16) we have

& 2i41

e

1 [at wbx™] [RFkr) 0 do ()]
=P eos 81X

Vpar—
{17b}

Let 97 and 57 be phase shifta corresponding to the
parallel and anti-parallel apin-orbit orientations for
the nentron. At large radii we use the asymptotic
form of the Hankel Tunctions,

il:'m=—§ iﬁ:—h‘ {rf' (n?‘gi [Jﬂ'_ﬂ-lil:I 5]
e ["_[H_H ‘ﬂ_r]) oy (u;e' [h_ e E]

4! Lir-er ;“r])} 5% P{cos 81X, (170}

If we now subtract the incident wave from the
tota] wave to obiain the scattercd wawve, we find

brai= 33 g | (D 0 =1+ E0—1)
(o =1 E |Piteos e, (18)

where we have used the expreasions {17a} for the
operators snd the condition that when ¢ = =1,
¥aeare st equal zero.  The right-lefi. asymmetry In
the scattering of & polarized beam is introdueced

=+ =
through the (#-I) operator:

(o D (cos =g I:;(—i %) P icos a}]- (19}
Howevar, %= —ain & EH%EE}I Fioally,

{:~?}P;{cus &) =f:r - ;;} [i Ein f a—a—--—P;I:cﬂs ﬂ}]:

{roB §)
{20
(- DPy(cos B = [o-m)iPlicosd).  (21)
where Pj{cos & =sin § El—lfac?s 7 Pieos &, Note:

a (—1)™ terin 16 sometirnes inclyded in the defimtion
of the associated dre function Fpieos 6,
in which cese our function has the opposite sign,
and & minus Bif[l Bppoars on the right side of eq
(21}, Ai#) and B(§ appesring in the scatiering
malrix, eg (16} are:

a [(+ 13 (af —1) (97 — 1) 1P {cos &
(22)

Am}=ﬁ_
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1 =

Bi#) =gz 2 [2¢ —ni1Pi{cos 6). {23)

The differential acatiering cross section is
d s trF+F=|A[ 4Bl (24)

The polarization is given by
__2Re (A*B)

P=Tar+zr )
For a mm};:letely larized incident beam with
agin“up,” ={L—R}f{L1 R}, whero L snd R are
the measured left and nght detector counting rates.

Tha total, compound nocleus formation, wnd
shape elastic cross sections (integrated over angle)
ara:

o= 33 [+1)2 Re (1—nf)+12 Re (1—1)] 26)

ee=ga 32 L) Qi [ +20 — i ) .
ﬂFfﬁ% L4131 =i 24 11— n7 )9, {28)

. For use in inelmstic scattering ealeulations and
in our estlmate of compouand elastic seattering, the
“transinission coefficients' are alse calculated.

Tr={1—|s} and I =(1—|a7 9.
2.3. Compound Elastic Scattering

Whereas shape elastic scattering is given directly
by the nuclear optical model, our estiinate of com-
pound elsstic scattering is treated in four different
ways depending upon the incident neutron energy.
Below 3.35 Mev, it may be obtained from the opticsl
model phase shilts, with s small correction for the

(29)

ENERGY SPIN, PARITY
( My}
48 [
190y e
Ny ] -
538 o+
o +F]
Frause 1. Low-fifng energy levels of Cat,

#pins and paritics in fawmhm are: baken from Troabatrkey, Eabos, Lust(g,
EHay, and Trupit [16l]. Levels mken 35 5 conbionum above & Mev,

obeerved {a, #) cross seeilon, In the energy range
from 3.25 to 5.0 Mav, a Hauser-Feshbach [1942]
hand caleulstion using discrete enersy lovels of the
target nuclevs (zee fig, 1) wa2 made, From 5.0 to
57 Mev a Hauser-Fashhach caleulation using
statistical-model residval nuoclens was made. In
this case the compound elastic scattering is jsotropic
becanza of the randomness of the spins And parities
of tha levels asswmed in the statistical model. The
sngular isotropy hes been proved by Wollenstein
[1951]) and by Hauser and Feshbach., Aboves & Mev
compaund elastic seattering is neglacted.

The fluctuation cross section, in the absence of
inelastic scattering and reactions, may be obtained
i;l;:g}'llthc phase shifts of the optical maode] [Feshbach,

A= 3 (D [ P 80— )
K [P (cos B

IBit—g A=+~ D HPHoos Y. (30

At energies below the snergy of the first axcited
state in the terget nuclens (3.25 Mev for Ca'), we
have uaed eg {30} to calevlate the compound elastic
scatteriug.mNﬂte that this leads neot to isetropic
seattering but to an angular distribution which goes
predominantly as [P {cos 6}]? for neutron= of angular
nrornentum £,

The cross section for inelastic scattering of a
neutron of ineident sogular mowmentum {, final
angular momentum {f, from a nucleus of initial
sngular mementem ¢ and final angulsr momentum &*
18 piven by Hawvser and Feshbach sa

f1e s 1 ; o
o{L Al Y=gy Delb A1, G0 @D
where
o (1418, 10y =5 (I+1T VS

A.I'ﬁl-jlr‘ﬁl‘ﬂ_,
1+Zg;’ T AENTHE"
o8, r

(32}

and is the cross section for production of neutrons of
snargy E' of angular momentum £, channel spin 7,
moviog in o direction #, The r index refers to
poesible chanmel spins, 7 to possible final neutron
angular momenta, E; to final neutron energies.
J 1= the total anpular mommentum of the eompound
nucleus state, 1e prime on the summatien indi-
cates that we omit tljm term referring to the finel
neutron £, I, j* we are considering. As we shall
ze¢e the denominator of eq {32) iz essentially the
branching ratio of the specific neutron transition
under eonsideration versus all other possibilities, I
we immediately specialize to the case of compound
clastic zeattering, (K=K’ I=I’ j=7"), consider spin
zero puclei only (3=j'=1%, +=0, and J={+4), and
T."a aa defined in &y (28), the a ar distribution for
the /th partial wave of compound elaatieally acattered
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neutrons becomea:

(E) :_L{ U+ 1THE)
an/, 2\ 1+ = THEN T (E)
0. r
1,1 (T (E)
Arny (5:2F=gﬂﬁ')+1+ > THETTE)

A (z%lz%h)} (33)

The A-funetions that oecur in eq {33} are easily
expressed in termz of Z-coefficionts used by Blatt
?1%13 lliledenham {1952] and tabulated by Biedenharn

. 1 .
&r{gr?”ri|3}=m % [(Z{IFLT; SLIPE foos ),

{34)

The question of phases does not anter since the 2-
coefficient appears only when sguared. Note that
these results appear naturally in o Legendre series
expanzion which may be easily combined with the
Legendre coeficient expansion as determined by the
computer for the shape elsstic ecattering, Hqua-
tions (23) and (34) are uzed to calculate the region
of discrete atates of the target nucleus {3.35 to 5
Mev). A correction to the hranching ratio appesring
in eq (33) is applied to allow for experimentally
observed Teaction cross sections, From 5 to 5.7
Mav, the residnal nucleus i considered as statistical,
and the compound elastic acattering 1= isotropic,

24. Legendra Coefficient Analysic of the Elaatie
Scattering

The elestic scattering sngular distribution is
represpnted in the following way:

g—; (E,6) =" T2 QU+ DSAEIP.(cos ) (35)

whare S{E)=1.
The differential cross section a5 obtained from eq

(24) appears a3 & sam of the products of two series:

$=§3 A Pleos ) 37 A F(eoa )
+$ B Pl{cosd) 3 B Piicosd). (36}

The first term in eq (36) may be represented by a
single geries of Legendre coefficients

da

{iTE:FF' aFylcoz 8], {37)

whers g i given by

R 1 Cittm s Ciiem— ) Chim— 1)

CHI-{-HH-I:I

X

iw] mwmi)
2k41

e wx U

where =128~ BI=Vy s ponitive integers;
E+m4k) iz even; and f—m|<&<itm, that is,
tha three wvectors satisfy the “trengle condition’
[Whittaker and Watson, 19551,

The product of the two geries in Plfcos &) can be
reduced te product of two =series in Pieos ¢ which
can than ba solved by ag (35). First we axpreas the
Plleoa 8)'s in terms o lE‘,l'nn ial expansions In
Pileos 8) 1see Morse and ﬁ; bach, 1953E

Hi+1)

@I+ sin 0 [Z:_1fcos B1— Pt (cos 8]

(35

Pleos 8)=

FLieos #)=sin (2 ~-11F, {cos £
—]—{Em—E}F,,_;{c:}E E:I
+{2m—9) P, _(cos 84 . ..] {(40)

Any product termm Plicos #)PL{coe & reaultin
from tha seriez product in eqs (28) may be expresseg
in terms of & produet of expressions from eqs (39) and
{409, Note that in the product sin 4 cancels out,
[eaving only tering in Legendrs polynomialy. Rela-
tions {48 to 40) werc programed for the computer so
that a Lﬂgﬁndﬂ} confficient analysis of the form of
{34) could be directly obtained from the esleula
phase shilts,

Tha calculation could equally well ba done through
uze of vector-coupling coeflicients [Edmonds, 1957].
It 15 expected that the problem for the ecomputer
would be about the same either way, The (), coeffi-
cients used here are closely related to the Clebach-
Ctordan coefficient (ef00{abed) as given in eq (5 of
Blatt, Picdenharn, and Rose [1952?.]

3. Choice of Optical Modsl Parameters and
Comparison With Experiment

Caleinm ia compozed of 9697 percent Cal? with
2,06 percent of Ca", and smaller amounts of Ca®,
Ca®, Ca¥ and Ca®. In this caelevlation it is con-
sidered as pure Ca® except that a aliﬁhﬂy Ia value
of R, is used to approximate the effect of the other
igotopes.

In the initial attempts to fit ealeium neutron cross
section data, the model of Bjorklund and Fernbach
[1958] was used. The real potential i= as described
by eq (7}, and the i]’llﬁ.%l[lﬂ.l’j.? potential is a Grussian
ﬂ,gsurptiﬂn loeated at the surface:

W=W, exp [— (’ﬂ-_T-‘ﬁ,"')il=

(41)
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Thiz model, which has been quite suecesaiul in fitting
neutron elastic scattering data at 4.1, 7, and 14 Mev,
involvea six parametera: B, Vo, o, ¢, W,, and &, In
attempting to fit this data, H, was held constant st
1.25 AVE fermig, b st 0,980 ferimis, o at 35. The aver-
ape stomie weight was used for A. The other Lhree
paramaters were vared, A Fmblem of the optical
model is the larre number of arbitrary parameters,
In an attempt to reduce the numher of parameters,
the width of the zurface abaorption, &, was eliminated
a3 an independent parameter and derivative surface
abzorption wsed Instead a3 given ip (8. Some-
what surprigingly the asgreement with the experimen-
tal data was musidcraﬁ improved at 14.6 Mecv, and
was equelly good at the energies of 2 Mev and helow
where data axisted which could be diveetly compured
with optical model predictions using the fluctuation
crose section, The improved agreement at 14.6 Mev
niay be stated in another way; namely, the value of 3
{0,580 fermis) is too =mall at this energy, and a
thicker shell of =urface absorption of neutrons should
be used. This is given automnatically by the use of
a derivative asmrface absorption.

Using the derivative surface abscrption model,
e waz held conatant at 1.25A4 1% fermis, the valua
indicated by the work of Bjorklund and Fernbach,
and also by the optical model analyses of proton
polarization reported by Gursky and Stewart [1981].
Actually the parameters ¥V, and K, act very muc
like a single parameter V.E,* where n is equal to 2
at low energies and increases alightly with energy.
Our choice i3 to hold R, fixed and vary V. ﬁr«a
gtrength of the spin-orbit coupling, «, was slso held
at the value of 35 used by Bjorklund and Fernbach
becausza it waa felt that chanpes or Improvements
in this value ahould eorne from tha anaiysis of polar-
ization data to which o is more sensitive, rather than
angular distribution date which is considered hera.
Three parsmeters were allowed to vary, V,, W,, and
@. Altheugh @ could have been held fixed, independ-
ent of energy, at a value of about (.580 fermis Lo
obtain feirly good fits Lo the experimental data
everywhere, it was found that better fits were
ohteined if « was taken as (L.600 fermis at 14.6 Mev
and at 0,550 fermis below 2 Mev, Smoolh curves
drawn through the dats were used to obtein param-
eters for ihe opticel model calrulations, even
though local variations somnetimes gave betier hts
(see fig. 2). This apparent jumping around of the
experimental date is due &t the low energied to the
preeence of resonaneces in Lhe cross section, which
the optical modal averages aver,

It should also be mentioned that & caleulation
which tpre»c'lirzt.a the en variation of the param-
eters of the optical model by unse of a nonlocal
;l-‘nmntiﬂ] has been made by Perev and Buck [1581].

he predictionz of Perey and Buck have not heen
used here since it geerned unlikely that they would
itprove tha eross section dats.

Experimental data used for the parsmeter detar-
mination at 14.6 Mev were taken from Cross and
Jarvis [1860]; below 2 Mev, the data of Sengrave,
Cranberg, and Simmons [1958] and Lane, Langs-

dorf, Monahan, and Elwsn {1960] as collected by
Howerton [1961] wera used. Comparicon of the
calculation to experitnental deta i= shown in Agures
3 through 12. mparigon ig 4lsp meda to deta at

lll_fl.|

LI I I

AR

a, termis

_|"|T'|r;

. Mev

W
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Ficuee 4. Bloglic scofiering of 5.0 e,
Frperimern] data are Indn Sesgeave, Cranberg, ad Slomone [1358]

4.1 Mev of Vincent, Morgan, and Prudhomms
[1960] and o sn sngular distribution of Seagrave,
Cranbery, and Simrmoens [1958] at 8.0 Mev. Neither
of these distributions wue used to obtuin the optical
madel fit because the Hauser-Feshbach hand eal-
culation involved wade parvameter fitting quite
difficult {it later turmed out that at 6.0 I&ev the
commpound elestic acatiering could be neglected).
Navertheless the agreement belwesn calenlation and
experiment ia about the samme here as al the other
energies. We may therefore be ressonably confident
that the caleulation prediets the cross sections Quite
well where they have not been ineasured.

It would not ba possible for thase caleulsliohs to
agree with both the Seagrave et al. and the Lane
at al. experimental measurements, since these dis-

reo with each other. In peneral the angular dis-
tributions of Lane ¢t al. arg more izotropie, while
the distributions of Seagrave et al. have a larger
cros3 section in the forward direction. Somewhat
more weight was given to the Seagrave et al experi-
ment, sinco the geometry appears to be somawhat
cleaner and less subject to multiple acattering effects
which would tend to make the distributions too
isetropic.

This optical model underestimates the magnituda
of tha non-elastic {or compound nuclens Tormation)
croas gection at 14.5 Mev., The calculation gives
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The makulnirm i enmpapsd b0 the 4.1 Moy cxperimenial dnke )l Fioeeat,
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Ficure 8. Elostic scoliering at 1.576 Mer.
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1.227 barns at 14.6 Mev, wherasa the experimental
measurcment &t 14.5 Mev of Flerov and Talyzin
[1956] gives 1.36 +£002 barms. Thiz leads to a
correaponding error in the total cross section, but
does not affect the elastic cross section values. The
totul elastic cross soction at 14.6 Mev iz 0.803 barns,
in ement with the experimental valye of 082
1 0.07 barna of Cross snd Jarvis.
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4, Resulits of the Cualeculation

The caleulated angular distribulions for totsl
claatic seattering are given in table 1 and the
Liogondre coeflicient expansions are given in table 2.
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5. Conclusions

Eeasonably satisfactory average cross section
predictions for calcium at neutron eoergies below
18 Mev can be made with the nuclear optical model
using compound elsstic scattering cross sections as
calculated from the optical model in the sbsence of
inelastic scattering, and using & Hanser-Feshhach
calculation if inelestic acatteting is presemt. In
order to achievs the zoal of caleulation of any neutron
crogd  eection as required, Haunser-Feshbach and
dircet interaction inelastic seattaring codes for
inelastic scattering, and nuclear reaction codes will
he required, for which the present type of ealeulation
provides input dats.

More experimental duta in the region from 6 to 14
Mev is nesded. Also the differenca between the
Beagrave of al. and the Lane ef al. data at low
energies needs to be resolved.
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